Forty-five single-cross hybrids developed from ten inbred lines of quality protein maize through diallel mating design along with four checks viz., Pratap QPM Hybrid-1, Vivek QPM-9, HQPM-1 and HQPM-5 were evaluated in randomized block design with three replications for seventeen traits during kharif-2014, to identify the heterotic superiority of the New cross combinations over the parents and best check. Out of 45 crosses, 42 crosses over mid parent, 37 crosses over better parent and 6 crosses over standard check (HQPM-5) significantly out yielded for grain yield plant , ear length, ear girth and tryptophan content also showed good per se performance for oil content (6.13%), starch content (69.83%), protein content (10.52%) and for lysine content (4.19%) with maximum positive significant economic heterosis (19.63%) for grain yield plant -1 , over the best check HQPM-5. Hybrid P 5 ×P 8 showed highest per se performance along with maximum positive significant economic heterosis for lysine content and protein content over the best check Vivek QPM-9 and HQPM-5, respectively. Another hybrid P 3 ×P 5 and P 5 ×P 7 exhibited highest per se performance for oil content and starch content, respectively, along with maximum positive significant economic heterosis over the best check HQPM-5 and HQPM-1, respectively.
Introduction
Maize (Zea mays L.) occupies a prestigious place in the world agriculture. It is a miracle crop in view of its widespread usage as food and nonfood items (Lone et al., 2016) . It is also considered as the third important cereal crop in the world after rice and wheat (Devi et al., 2016) . Globally, maize has gained tremendous importance as a source of basic raw material for a no. of industries due to rising demand from diversified sectors like human food, animal feed and also serves. Maize grains contain about 9.9% protein, 4% oil, 70% starch and 2.7% crude fiber. Maize oil has high calorific value and is highly suitable especially for heart patients. Maize contains a high percentage of unsaturated fatty acids like oleic acid and linoleic acid and has a very low content of cholesterol. Maize has low protein content with low nutritional quality due to presence of limited amount of essential amino acids, such as lysine, tryptophan and methionine (Bantte and Prasanna, 2003; Huang et al., 2006; Mbuya et al., 2011) and an excess of leucine and isoleucine, leading to a poor growth in children and pellagra in adults.
Quality protein maize (QPM) is bio fortified maize with increased lysine and tryptophan levels. QPM contains higher amount of lysine and tryptophan in the endosperm ensuring higher biological value and availability of protein to human and animal so it can help to get rid of human malnourishment (Hussain et al., 2015) . The biological value of common maize is 45% whereas that of QPM is about 80% (Rajendran et al., 2014) . Substituting normal maize with high lysine maize on an equal weight basis can maintain proper amino acid balance (Wilson, 1991) .
Maize is a highly cross pollinated crop and the scope for the exploitation of hybrid vigour depend on the direction and magnitude of heterosis (Reddy et al., 2015) . Hybrids are preferred over varieties in maize for their yield potential. The breeding method to be adopted for maize improvement depends on the nature of the gene action involved in the expression of quantitative traits of economic importance, and its strength depends on the genetic variability in the base populations and development of superior inbreds (Rajendran et al., 2014) . Especially, in heterosis breeding the choice of good combiners play a vital role (Singh et al., 2012) . The breeding strategy for exploitation of heterosis in maize (Zea mays L.) through the cultivation of single cross hybrids is primarily dependent on the development and identification of high per se performing diverse, vigorous and productive inbred lines with good seed quality.
The grain yield is the primary trait targeted for improvement of maize productivity through exploitation of heterosis (Ulaganathan et al., 2015) . To overcome the problems associated with multi-parent hybrids, a shift was made from multi-parent to two-parent hybrids. One of the ways to break the productivity barrier is to develop and popularize high yielding single cross hybrids (Kanagarasu et al., 2010; Farhan et al., 2012) . In the view of above facts and in order to develop and identify productive, nutritionally superior and industrially important single cross hybrids, the present investigation for yield and quality traits was undertaken.
Materials and Methods

Experimental site and design
The experimental material consisted of ten diverse inbred lines (Table 1) of quality protein maize were crossed in all possible combinations using diallel mating design (excluding reciprocals) to obtain 45 single cross hybrids, during rabi season (March) of 2014 under irrigated, normal soil condition at the Instructional farm, Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and Technology, Udaipur, India. These 45 hybrids, 10% along with four standard checks were evaluated in randomized block design with three replications, in a single row plot of 4 m length, maintaining crop geometry of 60×25 cm 2 in kharif-2014. The Recommended package of practices of zone IVA of Rajasthan were adopted to raise a healthy crop.
Recording of data
The data were recorded from five randomly selected competitive plants on seventeen distinct morphological and quality characters, except days to 50% tasseling, days to 50% silking and days to 75% brown husk, where it was observed on complete plot basis. The data on plant height, ear height, ear length, ear girth, no. of grain rows ear , Harvest index, grain oil content, starch content, protein content, tryptophan content and lysine content were recorded for statistical analysis.
Biochemical analysis
The total grain oil content was determined by Soxhlet Method (A.O.A.C., 1965) , starch content by Anthrone reagent method (Morris, 1948) , protein content by Micro-Kjeldahl's Method (Kalyana Babu et al., 2009 ).), tryptophan content by Papain Hydrolysis Method (Huang et al., 2006) and lysine content by using Colorimetric Method (Kalyana Babu et al., 2009 ).
Statistical analysis
The mean value of the recorded data was subjected to analysis of variance (ANOVA) using the statistical analysis procedures of Panse and Sukhatme, 1985 . Relative heterosis/mid parent Shull (1908) . Heterobeltiosis/better parent heterosis was calculated as per procedure suggested by Fonesca and Patterson (1968) . And Economic heterosis/standard heterosis were calculated as per procedure suggested by Briggle (1963) .
Results and Discussion
The analysis of variance for experimental design (Table 2) revealed that the mean squares due to genotypes, parents, crosses and parents v/s crosses were significant for all the traits. Significant mean squares due to parents and crosses suggested that the parental lines selected were diverse and with a different genetic background. Similarly, significant mean squares due to parents vs. crosses indicated presence 
Per se performance
The per se performance was advocated by Genter and Alexander (1962) as one of the method useful in evaluating parents for heterosis breeding in maize. The mean values of seventeen characters studied are presented in (Table 3) .
A perusal of mean values of hybrids revealed that grain yield plant -1 ranged from 50.00 (P 1 ×P 3 ) to 107.67 g (P 6 ×P 8 ). The hybrid P 6 ×P 8 showed maximum mean values for ear length (16.17 cm.), ear girth (13.33 cm.), grain yield plant -1 (107.67 g plant ) and stover yield plant -1 (137.33 g plant -1
). Hybrid P 7 ×P 10 exhibited maximum mean value for 100-grain weight (31.83 g). Hybrids P 2 ×P 10 , P 4 ×P 5 , P 5 ×P 8 and P 7 ×P 10 exhibited maximum mean value for no. of grain rows ear -1 (14.00). Three hybrids P 1 ×P 8 , P 3 ×P 5 and P 6 ×P 8 showed maximum mean values for ear girth (13.33 cm.). Hybrid P 1 ×P 9 exhibited maximum mean value for harvest index (47.86%).
A perusal of data on mean values of maturity traits revealed that hybrid P 2 ×P 4 exhibited minimum mean values for days to 50% silking (49.67 days), so we conclude that this hybrid comes under early maturity group.
The data on quality traits viz., oil, starch, protein, tryptophan and lysine content revealed that the hybrid P 3 ×P 5 exhibited maximum mean values for oil content (6.23%). The maximum mean value for starch content (70.02%) was depicted by hybrid P 5 ×P 7 whereas; hybrid P 5 ×P 8 exhibited maximum mean value for protein content (10.58%) and lysine content (4.25). The maximum mean value for tryptophan content (0.94%) was depicted by hybrid P 6 ×P 8 .
Magnitude of heterosis and heterobeltiosis
A perusal of estimates of economic heterosis for grain yield plant -1 revealed that six hybrids P 6 ×P 8 (19.63%), P 5 ×P 8 (15.56%), P 3 ×P 5 (11.11%), P 5 ×P 7 (10.00%), P 1 ×P 8 (8.89%) and P 2 ×P 8 (7.22%) depicted positive significant economic heterosis for grain yield plant -1 over the best check HQPM-5 (Table 4 ). Hybrid P 6 ×P 8 showed maximum economic heterosis (19.63%) for grain yield plant A perusal of estimates of economic heterosis for ear length revealed that only four hybrids P 6 ×P 8 (15.48%), P 3 ×P 5 (14.29%), P 5 ×P 8 (13.10%) and P 2 ×P 8 (11.90%) depicted positive significant economic heterosis for ear length over the best check HQPM-1. Six hybrids P 6 ×P 8 (17.65%), P 3 ×P 5 (17.65%), P 1 ×P 8 (17.65%), P 5 ×P 8 (14.71%), P 2 ×P 5 (11.76%) and P 2 ×P 8 (11.76%) exhibited significant economic heterosis for ear girth over the best check Vivek QPM-9 and HQPM-5. Only two hybrids P 7 ×P 10 (6.70%) and P 6 ×P 8 (5.59%) exhibited significant economic heterosis for Per se performance for grain yield plant -1 ; EHGY: Economic heterosis (%) for grain yield plant -1 over the best check HQPM-5; DS: Days to 50% silking; EHG: Economic heterosis (%) for grain oil content over best check HQPM-5; EHS: Economic heterosis (%) for starch content over best check HQPM-5; EH: Economic heterosis (%) for grain protein content HQPM-5; EHT: Economic heterosis (%) for tryptophan content over best check HQPM-1; EHL: Economic heterosis (%) for lysine content over best check Vivek QPM-9 100 grain weight over the best check Vivek QPM-9. Only one hybrid namely P 1 ×P 9 exhibited positive significant economic heterosis for harvest index (13.40%) over the best check Vivek QPM-9. Kumar et al. (2013) ; Netravati et al. (2013) ; Khan et al. (2014) ; Verma et al. (2014) also reported economic heterosis in maize for yield and its contributing traits.
A perusal of quality traits revealed that only three hybrids depicted positive significant economic heterosis for grain oil content. The hybrid P 3 ×P 5 exhibited maximum positive significant economic heterosis (8.09%) for grain oil content over the best check HQPM-5. Five hybrids depicted positive significant economic heterosis for starch content. The hybrid P 5 ×P 7 exhibited maximum positive significant economic heterosis for starch content (2.78%) over the best check HQPM-1. In case of protein content five hybrids exhibited positive significant economic heterosis for this trait. The maximum positive significant economic heterosis for this trait was exhibited by hybrid P 5 ×P 8 (4.14%) over the best check HQPM-5. For tryptophan contant only two hybrids exhibited positive significant economic heterosis. The maximum positive significant economic heterosis for this trait was exhibited by (Table 4) . Singh et al. (2013) , Chahar et al. (2014) , Lahane et al. (2014) reported economic heterosis for quality traits in maize. Only one hybrid namely P 2 ×P 4 (-2.46%) exhibited negative significant economic heterosis for days to 75% brown husk. Five best identified hybrids having highest estimates of significant positive economic heterosis for grain yield plant -1 were viz., P 6 ×P 8 , P 5 ×P 8 , P 3 ×P 5 , P 5 ×P 7 , P 1 ×P 8 (Table 5) . Of these hybrids, few hybrids also showed higher estimates of significant positive economic heterosis for oil content (P 6 ×P 8 and P 1 ×P 8 ), starch content (P 5 ×P 7 , P 6 ×P 8 and P 5 ×P 8 ), protein content (P 5 ×P 8 , P 6 ×P 8 , P 3 ×P 5 and P 1 ×P 8 ), tryptophan content (P 6 ×P 8 and P 1 ×P 8 ), lysine content (P 5 ×P 8 and P 6 ×P 8 ).
Relative heterosis (MP) and heterobeltiosis (BP) are important parameters as they provide information about the presence of dominance and over dominance type of gene actions in the expression of various traits. Heterobeltiosis for grain yield plant -1 was exhibited by 37 hybrids with maximum heterobeltiosis depicted by the hybrid P 1 ×P 9 . This hybrid also exhibited significant positive heterobeltiosis for no. of yield contributing traits viz., ear length (18.75%), 100 grain weight (20.47%), stover yield plant -1 (27.57%) and harvest index (34.38%), whereas for yield and yield contributing traits, the no. of hybrids depicting positive significant heterobeltiosis ranged from 6 (no. of grain rows ear ) and for quality traits it varied from 25 (grain oil content)-44 (lysine content).
The presence of heterobeltiosis indicated that over dominance played an important role in the expression of all these traits. However, its magnitude and number of hybrids which exhibited significant heterobeltiosis were variable. Heterosis over better parent for grain yield was also reported by Amiruzzaman et al. (2013) , Netravati et al. (2013) ; Chahar et al., (2014) . Amanullah et al. (2011); Silva et al. (2011) , Khanorkar et al. (2012) reported heterosis over better parent for maturity traits.
The study of relative heterosis revealed number of hybrids exhibiting positive significant mid parent heterosis for yield and yield contributing traits ranged from 15 (no. of grain rows ear ). In case of quality traits, the no. of hybrids exhibiting positive significant mid parent heterosis ranged from 32 (grain oil content)-45 (tryptophan content and lysine content). For maturity traits, no. of hybrids exhibiting negative significant mid parent heterosis ranged from 28 (days to 75% brown husk)-34 (days to 50% silking). Similar findings for mid parent heterosis for yield and its contributing traits were also obtained by Khanorkar et al. (2012) , Jain and Bhardawaj (2014) ; Ofori et al. (2015) . Amanullah et al. (2011); Amiruzzaman et al. (2013) reported heterosis over better parent for maturity type traits.
Conclusion
Hybrid P 6 ×P 8 could be identified as the best performing hybrid as it not only exhibited maximum positive economic heterosis (19.63%) along with highest per se performance (107.67 g plant ) for grain yield plant -1 , also exhibited positive economic heterosis for many yield contributing traits viz., ear length, ear girth, 100 grain weight, stover yield plant -1 , harvest index and for quality traits viz., grain oil content, starch content, grain protein content, tryptophan content and lysine content. Hence these hybrids appear to be very promising combination for actual exploitation and could be recommended for testing in multi-location trials.
